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THE  ROLE  OR  THRBDLEHbE  IN  THE  TRANSPORT  OP  AN  ATMOSPHERIC  EDOT 

/"iMa  is  s  tri^stKjn  of  ah  srUela  nrlttan  by  L.lh, 

^  in  Problswy  Arktikt  i  Antarlctiki  (Prohlesis  of  the  Arctic  end 
Antsrctio),  NO.  1,  LoniBgrsd,  1959*7* 


The  idea  of  conceiving  atmospheric  movements  as  eddies  of  var^’-ing 
dimensions  appertains  to  the  eminent  Russia  meteo^ogist  P.I.  Brounov 
and  ^'/as  formulated  bj  him  at  the  end  of  last  century  ^/.  Nov'adays  this 
concept  has  found  universal  recognition,  inasmuch  as  it  establishes  the 
likeness  of  such  atmospheric  phenomena  as  planetary  eddies,  active  cen¬ 
ters  of  the  atmosphere,  moving  cyclones  and  anticyclones,  local  circula¬ 
tion,  etc. 

An  iiriportant  problem  of  modem  meteorology  is  the  problem  of  the  ge¬ 
nesis,  development  and  motion  of  cyclones  and  anticyclones  which  consti¬ 
tute  one  of  the  fundamental  links  of  the  general  atmospheric  circulation. 
Enomous  masses  of  air  take  part  in  the  motion  >d.thin  the  cyclone-anticyc¬ 
lone  system.  The  life  cj^le  of  theses  eddies  is  rather  complex.  The  pre- 
detenaination  of  the  variation  in  intensity  of  cyclones  and  anticyclones, 
their  trajectories  and  the  velocity  of  vertical  propagation  of  the  distur¬ 
bances  is  very  difficult  because  it  depends  on  many  factors. 

Present-day  research  on  the  djmamics  of  large-seale  atmospheric  pro¬ 
cesses  is  based  on  the  eddy-transfer  equation  (Fridman’s  equation).  Upon 
analyzing  this  equation,  I, T,  Matveyev  /?/  fomulated  rules  for  a  qualita- 
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(re  evaluation  of  the  conditions  for  the  origination,  intensxfication 
d  motion  of  cyclones  and  anticyclones.  Let  us  vrrite  the  eddy-transfer 
nation  in  the  follcvving  form  'Iks  ch»17/s 


1®?- 
dt  ~ 


Here,  U  and  V  are  the  components  of  the  vdnd  velocity  on  the  axes  x 

.d  jr,  respectively  (the  x— axis  points  eastvfard>  and  the  ^-axas  north- 

,rd)5Q  is  the  vertical  component  of  the  ■relative  vorticityj^  is  the 

riation  vfith  latitude  of  Coriolis*  parameter:  r  is  the  air  densityj 

id  ^  s^  ■  are  the  components  of  the  shearing  stress  of  the  turbiuent 
X  ,  y  ■ 
trees. 

It  ensues  from  Eq.  <1)  that  the  variation  of  the  vertical  component 
*  the  vorbicity  in  a  certain  region  is  determined  by-  the  follovdng  fac- 


A,  The  horizontal  transport  (advection)  of  an  eddy  from  adjacent  re- 
.ons  (1st  addend).  This  addend  is  positive  in  the  case  of  predoniinantly 
rclonic  vorbicity  of  the  a3r  stream  transportedj  it  is  negative  if  the 
)rbicity  is  pre^csninantly  anticyclonic , 

B,  The  geostrophic  advectiocn  of  heat  or  cold  (2nd  addend).  In  the 
se  of  the  former,  horizontal  baroclinicity  contributes  to  the  foimatim 

d  subsequent  intensification  of  a  negative  (anticyclonic)  eddy,  and 
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in  the  case  of  the  latter  -  cf  a  po£iti;7t 

^  ' ’'i.^  w-O/lXCi  Pr  lri-^^- 

*  "“'u  « 

C.  I&rldioTvfL  eddy  Kolione  (3rd  uddfend),  ^h.  • 

-n*.  s.ot:t,on  of  3ii  eddy  ha- 

vi,n<^  nji  eqaatorially  directed  cc<n-)c<i;ent  -  produce^  an  --.r-  , 

■“--eo--  tends 

to  intens3dT  a  cycldnic  eddy  end  ic  vr>>aken  er  anx.njyclon:n  e.=>. 

^  *'  O';***  4^^ 

warcdly  directed  iaeri.dional  componait.  provokes  hho  ojfposlt.x 

D.  Horizontal  divergence  of  ttie  xdnd  velocity  (tth  addend)..  A  no- 

sxtive  aivergenea  tenas  to  j.ritenai'ly  an  erighl.ng  anticyclonic  eody^  X'diOi’e- 


as  a  nof 


legative- divergeixee  (coivrereence)  tends  te  intensity  an  exiciiny 


Ionic  edciir, 

E«  iXirbulent  frict.ion  (5tl-:  tekierid,  vdiich  vdll  he  discvisceo.  xr  icore 
detail  below) ,  ■  ,  . 

In  ref  ft  L»T,  Matxreyev  and  V.>.,  ^-yabrikov,  using,  factual  data  tt--' 

lating  to  46  cases  of  eddy  formation,  calculated  the  folloud-ng  yjantxtios! 
1)  the  indixddxxal  variation  of  the  eddy  :x\  yeostixiphic  approxhnatior.  xYom 
tlie  Fo,rm.ula  •  . 


I  i^P 

2  W;  p  Ct  ' 


■Vhere  is  the  pressure.Laplacian;  -2)  the  geostrophic  temperature  ad- 

vectionj  3)  a  factor  talcing  acccimt  of  the  latitude  effect.  The  calcula.- 
tions  were  effected  at  sea  level  and  pressures  of  850,  700  and  500  Bib. 
Analysis  of  the  mean  iralues  given  in  the  reference  v/ork  shows  that  the 
above  quantities  dininish  v/ith  altitude:  notably,  at  500  mb  each  of  them 


3 


decreases  on  the  average  by  one-half  as  cai'pcved  to  the  ground  vs.lue. 
The  baroclinic  tera  isa  Eq,  (I.)  has  the  saae  order  :of  magnitude  as  the 


iivlividual  variation  of  the  eddy  w.th  time  and  tne  adceno  accc-jji..a:.nF  xor 
the  a3.titude  effect.  As  regards  the  divergent  addend,  ti-e  authors  /a,/ 
state  a  nivaber  of  reasons  in  sapjjort  of  the  view  that  its  effect  in  the 
process  of  eddy  fomation  Is  inconsiderable,  Unforburiat-v.y,  got 


possible  to  calculate  this  addend,  idth  a  sufficient  aegreo’  of  accnracy, 

Tmis,  le,  P.  Borisov  /I/  showed  that  v'hen  c-ilculrting  th,e  wind  veiocitj 
divergence  on  barometric  data  from  topographic  maps,  then,  at  di.ffersnt- 
ly  directed  a:<es  of  the  coordinates  and  various  va].ues  of  the  differeritx- 
ation  step, the  results  obtedhed  may  differ  tvdco  as  much  -or  one. ana  uhe 
33510  point. 

Ey  caloula,ting  the  addends  of  Eq,  (l)  the  author  . of  the  croseub  pip-u 
investirated  the  process  of  intensification  and  propagation  of  an  anticyc- 
.  lone  iddch  on.  February  1st  1956  v/as  located,  ovea^  Scandinavia  and  had  a  pres¬ 
sure  of  1047  mb-  in  the  csntej’,  Durliig  tlie  period  fror  1-/.;.  reb?.uax''y  i.'Uis 
anticyclone  shifted  to  the  issue  of  the  rivsr  Ob.  The  pressure  in  its  cen¬ 
ter  rose  to  1056  mb.  '.ihile  the  anticyclone  xras  moving  eastupferd,  the  pres¬ 
sure  tendency  at  individual  points  of  its  trajectory  reached  22  per  dey. 
The  region  conprisinr  riui’ope  and  Vie st  Siberia  north  of  .t?”  of  latiuuue  as 
well  as  the  North  Sea,  Norwegian  Sea,  Barents  Sea  ana  Ka.ra  oea  vrcta  core- 
red  idth  a  netvrork  of  points,  '  for  each  of  \tiich  v'e  cal.oulated  me  vaiues 
for  t’ne  vorticity  in  s.  gecsfxrophic  approximation  anc;  the  tlires  ac.aeaci 
fro5n  Eq.  (1)  determining^he  teraperature  advecti.on  and  the  lati.tude  effect. 


he  3,dv«ct.iv6  transfer  o.f  the  eddy, 


The  calculations  vrere  perforined  fon  each  clay  and  for  all  levels  do^  to 
a  pressure  of  200  rnba'  Co)T!pa,ri£on  of  the  val'acs  for  the  aadenas  calcula¬ 
ted  ■S’t  the  different  levels  confiriTied  the  viex>/  that^  t.oeeiJier  the 

emoe nature  advection,  the  baroclinic  term  plays  a-  deteruunative  paru  in 
the  local  variation  of  the  eddy.  It  appeared  that  at  a  level  relating 
to  isobaric  surfaces  of  300  and  200  mb  the  values  of  the  addends  acco’m- 
ttnr  for  tern  iperature  advection  frequently  exceed  the  corrwspoiidinf,  va¬ 
lues  in' the  middle  tr-oposmere.  Comparison  of  the  aggregcte  values  for 
the  throe  addends  at  various  levels  vrii^h  the  groui^d  values  of  the  diumal 
pressure  tendency  justified  the  conclusion  that  under  certain  conditions 
tlie  variation' of  eromd-level  pressure  is  determined  basically  by  the  pro¬ 
cesses  of  vortical  ujd  tem  perature  advection  (allowance  Kiade  for  the  la^ 
titude  effect)  in  the  upper  tropo.sphere  .-md  in  the  lower  stratosonrre. 

Such  a  conclusion  Bisl^ifieE  that  there  are  two  layers  in  the  trope- 
aphere  in  vhich  the  processes  of  eddy  fomation  develop  most  acts vely,v^ r., 
the  lovrer  troposphere  and  the  layer  that  encloses  currents.  It  is  netu- 
rol  to  a.-su;ue  that  vo'tical  tuiixrlence  pensrated  in  the  active  layer  is 
:oi.aid  to  involve  the  adjacent  layers  in  the  motion.  Indeed,  t,he  trans¬ 
port  in  the  atmosphere  of  any  Eil-)stance  as  welljtis  of  iaoraen'Lxra  procee'..w., 
mainly,  by  turlRilent  iirtercha.nge.  It  is  taovcc  that  in  the  oottom.  j.a^er 
of  the  atmosphere  the  shearing  stress  of  the  t!urbu].ent  frictional,  forces 
decreases  emth  altitixde.  The  .  action  of  ' theses  forces  also  operatec  to 
weaken  a  cycl.onic  or  anticyclonic  edly.  However,  in  the  free  idmios- 
phere,  the  .forces  provoked  bytii^nlence  do  not  casappear,  biu  jathei 


L 


L^suine  a  ne-r  and  iiupor’^ant  role 


P,  I,  Proiinov  pi'J  held  that  it  i-sas  necessary  ic  stucef  not  only 
the  transl.ational  motion  of  atmospheric  eddies  vathxn  tV;e  syst  aa  of 
cnj’r’ents  o.f  the  oeneml  circula.tj.on  of  the  atiiospiiorej  oi.iL  iU,30  ^-ee 
conditions  of  tronsfei'  of  tnc  vortxcaX  cTaBtiirbanot'S  ...lOj.i  .L^ivsi''  ao  j-it 


Acade^dcian  K.Ye.  KocMn  /5,  6/  first  exard.ned  the  effect  of  turhi>- 
lent  frictional  forces  on  atino spheric  noYeiients  of  vd.de  scope.  In  desiyn- 
iny  a  model  of  tl^e  yaneral  atmosplieric  circulation^  P.Ye.  Kochin  concei¬ 
ved  the  idiole  troposphere  as  a  boimrlarj''  layer  and  the  indivl.du.a.!,.  cyclohes 
and  anticyclones  as  turbi.ilent  eddies*  It  was  d.  arc  oust  x'.atod  thav  ,ff.:..otj-6n'.u 
forces  laatarially  affect  the  nature, of  air  currents  not  only  in  the  bottc’i’i 
layer,  but  also  in  the  free  atnospliare,  M*  Te»  Kochrac  proved  that  -,i  v-heo* 
ry  pdstvilating  a  stationary'  sonal  circulation.  tni.th  jcerxiional  au'd  veil.lCo..i. 

coiuponents  nia.y  oxily  be  evolnred  provided  the  forces  of  turbiv- 

i.eT:it  friction  aye  allowed  for,' 

Let  u.s  tx’a.nsfor;ii,  the  5th  'addend  in  lie,  (l) 


/dg..\  _L 

[  ^  )t  p  V  "y 


u-siri-r  the  lirroressions  foujio.  .for  t.ne 


co/uponents  of  tu.rb'ulent  t.an^yert.ial 


stress 


Mr  — *P  'dz  ’ 


/ 


1 


and 


(3) 


vdiere  k  is  the  coefficient  of  turbulence,  Neglectin/r  the  variations 
in  densitj''  and  in  the  coefficient  of  turbulence  in  the  horizontal!.,  plane, 
ve  obtain  the  following  Expressions  for  the  components  of  the 
stress  of  the  eddy: 


ill 

ix 


9V 

dxds 


' '  ^ 
J-W 


Let  us  substitute  Expression-  (4)  into  ?ormul.a  (<i) : 


(5) 


Introducing  the  vorticity,  we  get 


/dQ,\  I  d  (.  d'J,  \ 

(  df  “  f  '  az  <».  )  • 


Wj 


The  turbulent  stream  of  the  vorticity  in  the  direction, 
determined  by  the  Expression  (4j  ch,  I  ) 


E  IS 
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v'here  *  W  •  is  the  averaged  product  of  the  eddy  fluctuations  and 
the  vertical  velocity* 

Consequently^  according  to  Eq*  (6)^  the  formation  of  eddies  under  the 
influence  of  frictional  forces  is  detemined  by  the  derivative  vdth  res¬ 
pect  to  height  frcm  the  vertical  turlxilent  stream  of  the  eddy.  .  For  a  qua¬ 
litative  analysis  of  the  conditions  of,  variation  o.f  the  eddy,  let  us  dif¬ 
ferentiate  over  2  in  Eq»  (6)j  we  then  obtain 


..  i.»a,  .  idk  .  k 


(S) 


It  ensues  that  the  velocity  of  transport  of  the  eddy  in  the  vertical 

direction  i  s  determined  b;!-  the  peculiar  distribution  along  the  vertical 

n  .  Thus,  -  at  the  origination  of  a  highr-altitude  cyclone  the  perturba- 
z 

tion  is  transmitted  dovnward  more  rapidly  in  those  layers  iv-here  the  gra¬ 
dient  is  larger  in  terms  of  absolute  magnmtude .  and  where  this  grciOjic-nt 
falls ,off  more  abruptly  from  one  level  to  another.  Csi  the  other  hand, 
the  formation  of  an  anticyclonic  eddy  at  Mgh  altitude  is  conducive  in  due 
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-.-jtlon.  Ju  ^-be  velocity  cf  verticid  traiipport  of  the  eddy  is 

,  1.^  cleci’et:  of  tiiri^.ilorice  cf  the  ctMoepherCf  The  povtiirba-' 

tlT*  a  c  ^,s'a?Te*''iit-'b6d,  t.6  the  Ti.Bi'd';loj”inG;  la.yev£  e.t  a  srecdlor  rete  "da'in  tuo 
C0't?f’lc3”nt.  vf  tvhd)a] once  aril  its  vertical  yradleat  are  larye* 

■p-i  o-Cne  +0  illustrate  the  efr«ci  of  tuTlji^lcntlfrictional  roroec  on 
v-p-,  v',<7"i-.-ta  1  ;;n'0‘o:v ''utiam  of  an  o'i'iy>  rlotted  contpiiW  cnrv-''e  tracing 
Ml--  v-Pr!-'-,  pr  the-  vc; l-icit''"  and  coofficlsint.  of  ti^rlftl.cnce  for  the  croc  of 

OP-  Fcbx'nar'v  1^56  it'  the  roylcn  of  dov:^ya.  ilrp"- 


Cj  ;0 


;-o,.l  01V 


or.  In-l6  iloviiM-er  195"’  over  the  Barents  Set  (Fig»l) 


,ty  ■■uc  colcrlatol  :'.n  geoctropliie  apprendjoetien^  vidlo  '-he  co- 
'I*  ■  or-t-  of  tnrbnlenee  v;;;,g  found  frcai  Matvoycn''?  c 

'  a-;,  t:;-  recssrl-lr",  t.*-nrc  trd.nte-i  no  rfobhod  for  calculetiny  'the  coeffi^ 
cionh  of  ■h-.:a'l’::l.oT!ce  in  t’lc  free  atpKaephere,  T’i.e  o^'iportrnity  ’-Ja;-:;  only  af- 
i‘'"i:"de-d  af'^-cr  t.he  culelicatit'e?  of  T'«T,  Matv'^yov* o  'irfodc  f9i  'ld.ee 

'di-a  follorb':-:  foK'vala  '■■.r.c  propccedj 


|2,314lgP-  1.157  lg(i:„  -  7)  -  0,O72|, 


v  /  / 


Lent  nf  {-ho  vrinl  reiocity  ij>  Tr/oect  Itaj 


ic  -ibo  verticea.  tanpero:ture  <;rMient-  in  "^0/131  j 


;  ''-.he  dr;;"  adiabaiic  te^nperatiare  gradientj 

the  ;:iean  ;rivid  velocity'  in  ihe  laj'er.for  vi'iicli  k  ic  I'oinn 


Forcaila  (9)  exprecces  the  turbulence  of  the  free  atmosphere  ac  a 
rbion  of  lbs  thermodynamic  state.  This  function  ^aas  found  in  the 
;'3e-  of  proceosin.-'  the  fa.otual  data  on  overloads  for  an  airplane  to 
5  ho::‘iaoiTtal  fliglTb  aiad  frojn  data  on  tempertoure  and  rind  soundtoys. 
riiohts  v'iive  'ondei’taken  v.dth  airplanes  equipped  v.dth  acce].erogra.phs 
:«ltitiide£  of  1  -  2  and  up  to  12  km.  This  provides  a  basis  for  using 
rula  (5)  for  cslmdations  of  the  coefficients  of  turbulerics  throngh- 
•t’le  stratosphere  apd  thelovrer  troposphere.  .  . 


Mm  B 


\\\^ 


lii 


n 
•/• »/» 

■  I ' " 
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Xx 

Ht/Xl  l./XI 


%C. 


,  development  ^•d.th  height  of  the  vertical  ccmpOTient  of^  the 
citv  in  the  genesis  of  a)  an  anticyc?-one  and  b)o.  c/ujXii- 


a'orta. 


Table  1  gives  the  values  o  f  bhe  coefficients  of  tuibu.i..t;i^Cw  c^-l~«ul>-.o  ,cl 
on  barometric  data  frora  topographic  maps  for  layers  s^t.uated  oenuaen  le¬ 
vels  01  850,  700,  500,  300  and  200  mb.  The  first  of  the  lOur  caa..:a  con¬ 
sidered,  relates  to  the  period  of  active  anticyclone  .genesis  in  i? 

105^,  OtalmT  abed  are  the  values  of  the  coefficient  of  turbulence  over 
the  central  rei‘:ion  oi  the  anticyclone  on  3  r  eoric.r^' . 


Ta’-ae 


Gceffrlcients  of  turbul-ence  on  barcgaetj;lc_d^a_^^  tcpp,;P„?^'lLl:^i:s^ 


4T«or<)>epi>i  1  , 

<"»0)  '  -j  . 

3 

-lx—!—  . 

<  *  '  1  ^  j 

€  k ; 

1 

1 

e  j 

‘h 

f  * 

i 

t 

8oO— 700  2,0 
7O0-S0O  j6,0 
500-300  1  7.0 
300--200  '  - 

1 

4.01 

5.0 

2.5' 

:  1  ‘ 

8.0  4.4  4.0  7.5 

U.o!  20.6' 6.0  3.S 
16.0,30.:,  6.0  0.9 
_  :  _  >  0.4  1.8 

i  :  1 

2.4 
21.0'  5.7 
123.0'  2.0 
!23.oj  2.0 

6.0 

7.0 

4.0 

0,0 

|6.3 

6.9' 

2.5 

3.4 

19.0  61. «  3,0 
22.0  94,4  8,0 
28.ojl!.0.  4.0 

30.0  18.0  0.0 

i  i 

7.6,20.(M  495 
45|25.o!|150.0 
2.3 1 29.0!  4.0 
3.6  f28.0j  23.5 

l-Attnospheric  layers  (mb);  2-N.  lat.j  long.  ^  2  /  . 

Ifctc;  ^is  given  in  O/isn,  /bin  m/sec  p  km,  ^  in  in/sea.  ^  K  in  m  /  sec, 

T3t0.a  2  presents  the  val.ues  of  the  factors  of  eddy  fornvition  at  various 
levels  on  the  same  carr.  ¥hereas  conditions  in  the  lower  part  of  the, 
troposphere  (  data  at  ground  level  and  at  850  mb)  are  api;  to  intensify  an 
anticyclonic  eddy,  the  teailperature  advection  factor  at  leveis  o^. 

'-nd  200  tiib  indics-tes  favorable  conditions  for  its  n.oauer.!en<-.»  Lonev.._, 
on  h  February'  the  intensity  of  the  anticyclonic  eddy  lessened  not  oi'ly 
in  the  upper  troposphere  in  the  lower  stratosphere,,  but  ^aso  at 
loyc-ls  of  5C0  md.  700  mb  (Flm.X).  Both  o,t  B50  r,b  and  at  cbonnd  level  the 
aTitioyclonic  edd;a  ii-itene5fied,  The  ansvfer  to  the  qaieation  a,  to  .......  t... 


abatsaent  of  the  anticyclonic  ede;'-  spread  to  the  ndfidle  troposphere , but 
fai].ed  to  reach  the-  gi’ound  layers  5,s  to  be  found  in  the  distr3.bution  vdiih 
height  of  the  coefficient  of  turbulence  on  3  February#  In  effect,  it 


apoears  that  stronr  turbulent  Currents  had  developed  in  the  atmosphere 
at  levels  up^'jard  of  700  mb.  Under  these  conditions  the  infl\ience  of  fric¬ 


tional  forces  on  the  process  of  eddy  transfer  proves  to  be  substantial. 
It  is  imagined  that  the  vreakening  of  the  anticyclonic  eddy  in  the  miadle 
troposphere  may  be  expla,ined  as  a  result  of  the  perturbation  originated 
at  the  hdgher  levels.  The  la2rer  of  850  -  700  mb,  by  contrast,  ^  may  be 
described  as  an  ’’arresting’*  layer,'  since  here  the  moderate  grovrbh  of 


turbulent  int.erchange  shielded  the  lower  troposphere  from  the  influence 
of  the  higher  layers. 

Table  2 


Factors  of  eddy  formation  according  to  barometric  data  from  topogra-phic 

_ _ maps _ _ _ 
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Tables  1  and  2  also  furnish  data  relating  to  the  process  of  cyclone 
genesis  observed  over  the  Barents  Sea  on  14*"l6  November  195'/  •  Ck  3,4  Nu— 
veiaber  observations  revealed  a  weak  pressure  field  at  ground  l.evel  in  the 
region  of  the  Barents  Sea.  As  could  be  concliided  from  the  barographic 
maps,  this  i-egion  lay  to  the  left  of  the  axis  of  an  intensive  current 
(wdth  a  maximum  velocity  up  to  220  km/hr  at  500' mb)  proceeding  from  the 
northv.'est  in  the  region  of  the  Greenlaxid  Sea  toward  the  region  of  the 
middle  Volga  in  the  scatheast.  As  seen  from  the  map,  on  15  November  at 
3  a.m.  a  strong,  widely  eijctended  cjrclone  had  developed  over  the  Barents 
Sea.  The  pressure  in  the  center  of  the  cyclone,  at  sea  level,  amounted 
to  982  mb,  as  against  1013  mb  measured  at  this  point  24  hours  previously. 
An  intensive  cyclonic  fomation  was  observed  over  the  ground  center  at  a 
i.evel  of  S50  mb,  but  later  on  this  perturbation  faded  rapidly  vdth  height 
T-'/enty-four  hours  later,  on  16  November,  the  grovnid  center  of  the  c3rclone 
had  moved  1100  Im  to  the  southeast.  Pi’essure  in  the  center  of  the  cyclone 
fell  off  further  by  10  mb.  The  magnitude  of  the  positive  eddy  Increased 
appreciabljr  a  level  of  850  mb  (Fig.l) ,  The  cyclonic  reconstruction  of 
the  pressure  field  at  levels  of  700  and  500  mb  proceeded  at  perceptibly 
decelerated  rates.  Above  the  500  mb  level  an  intensification  ox  tiie  anui— 
■  cyclonic  eddy  vreis  noted.  Thus,  despite  the  origination  of  a  powerful 
cyclonic  eddy  in  the  lower  troposphere,  its  transfer  to  the  higher  lay- 
ei'D  was  rather  liridted.  This  phenomenon  can  be  .  explained  by  vra.\r  of  ana¬ 
lysis  of  the  conditions  of  turbraence  in  the  atmosphere.  It  appears  that 
daidjig  all  the  days  under  examination  the  coefficient  of  tin'bulence  \i3.s 


high  irx  the  lower  and  middle  tropo;gphere,  but  was  low  in  the  upper 
troposphere  find  lower  stratosphere. 

The  examples  discussed  above  shov?  that  ’onder  certain  conditions  the 
£r.ictional^  forces  in  the  free  atmosphere  may  noticeably  affect  the  trans¬ 
port  alike  of  positive  and  negative  eddying  currents  4n  the  vertical  di¬ 
rection. 

The  calculated  characteristics  of  eddies  and  of  the  coefficient  of 

turb-^xLence  make  it  possible  to  appraise  the  order  of  magnitude  of  the 

.A  _  .  thp  vortical  flov.'-  f^ji-i’-ariou 

term  /vt)^  from  Eq,  (6),  To  do  this,  "'we.'firso  evaluatedyfrom 

Sq,  (?)  and  thereafter  the  variation  of  this  flow  vdth  height.  It  was 

found  that  the  term  (5Cl/^t  )  has  an  order  of  magnitude  equal  to  10  ~ 

and,  hence,  is  comparable  to  the  values  of  the  baroclinic  and  la- 

.^itude  terms. 
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